Introduction
Methane is one of the major greenhouse gases that affect climate change [1] . To mitigate anthropogenic CH 4 emissions effectively, it is necessary to measure and monitor CH 4 emissions from fossil fuel combustion. Therefore, it is important for NMIs to have the capability of an accurate CH 4 emissions measurement. The first key comparison on methane in nitrogen or air is the key comparison of CCQM-K82 (ambient level methane in air) [2] . As a supplementary comparison, the purpose of this comparison is to cover a concentration level that is not covered by previous key comparisons. 
Measurement protocol
Each participant was requested to perform at least three measurements with independent calibrations and report the final value with its expanded uncertainty including all measurement results. Each participant was asked to provide information regarding standard mixtures, analysis method, and uncertainty budget.
Measurement equation
The reference values used in this comparison are determined by the gravimetric preparation, including purity analysis. All sample cylinders were verified prior to shipping them to each participant. The returned cylinders were re-verified to confirm their stability. Results from both verification experiments showed that the verified values were within the preparation uncertainties of all sample cylinders.
In the gravimetric preparation, the amount of a target component is determined by the following equation.
x i,prep = x i,grav + Δx i,purity + Δx i,stab (1) 4 where x i,prep is the fractional amount of substance of a target component in mixture (i),
x i,grav is the fractional amount of substance of a target component in mixture (i) gravimetrically prepared, Δx i,purity is the correction based on purity analysis, and Δx i,stab is the correction due to stability. The uncertainty of the fractional amount is estimated as 
where u i,prep is the uncertainty from gravimetric preparation, u i,grav is the uncertainty from gravimetric weighing process, u i,purity is the uncertainty from purity analysis, and u i,stab is the uncertainty due to instability. For the mixtures used in this comparison, long-term stability study data have shown that the correction due to instability and its uncertainty is zero. Therefore, the correction due to instability and its standard uncertainty is set to zero for this comparison.
The model and the associated standard uncertainty can be expressed as 
The gravimetrically prepared mixtures have been verified by comparing the gravimetric composition value with its analytical measurement value (i.e., verification value) as shown in the following condition.
where x i,ver and u i,ver is the measurement result from verification and its standard uncertainty, respectively. The uncertainty associated with the verification relies on the measurement capability and experiment design.
The reference value of mixture i ( x i,ref ) in a key comparison can be expressed as
where
where Δx i,ver is the correction resulting from the verification and δx i,ref is the error for the reference value of mixture i (
Thus, equation (6) can be expressed as
The verification experiments demonstrated that the verification values agreed with the gravimetric values of the key comparison mixtures within the preparation uncertainties. The expectation of the correction, < Δx i,ver > , is set as zero, which means that there is no correction due to the verification. Therefore, the reference value of mixture i is expressed as
The reference value in equation (9) comes to the preparation value. As a result, the standard uncertainty of a reference value is expressed as
9. Measurement method Measurement methods of each participant are summarized in Table 2 . More detailed descriptions about the methods are available in annex A of this report. 
where x i,lab is a reported value by each participant. The standard uncertainty of the deviation is determined by the following equation.
where u i,lab is the uncertainty of x i,lab
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The uncertainty of the deviation (D) is expressed as the expanded uncertainty of the deviation at approximately 95 % level of confidence with a coverage factor (k) of 2.
Results and Discussion
A complete set of results reported from each participant is described in annex A of this report.
The results are summarized in Table 3 , and presented in Figure 2 . 
Conclusion
This comparison compares the measurement capability of CH 4 at a level of 2000 µmol/mol.
Results from all participants, except two, agree well within their associated uncertainties.
How far the light shines
It is proposed that this comparison can be used to support CMC claims for methane in nitrogen balance ranging between 5×10 -4 mol/mol and 5×10 -1 mol/mol.
14. Reference [1] Reference Method:
The concentration of CH 4 in gas mixture was determined by gas chromatography using thermal conductivity detection. Separation column of HP-Molecular Sieve column (60 m* 0.530 mm* 25.00 µm) was applied with Helieum as the carrier gas. The GC oven was held at 30 o C during experiments.
Calibration Standards:
The standards of CH 4 in N 2 were prepared in CMS/ITRI by gravimetric preparation method that follows ISO 6142: 2001. Five standards were used to construct a calibration curve for the preliminary evaluation of CH 4 concentration in sample cylinder D081158. After that, standard with concentration close to that of the sample cylinder was chosen for single-point calibration to determine the concentration of CH 4 in sample cylinder.
Instrument Calibration:
The sample cylinder D081158 was analyzed under identical conditions as the standards to evaluate its CH 4 concentration. Then, standard with GC signal response similar to that of the sample was chosen as the single-point calibration reference standard. The single-point calibration was performed with five sets of measurements, each set containing three replicated measurements with five repeated analyses. The five repeated values were used to determine the average responses.
The mathematical model shown below was used to calculate the concentration of CH 4 in sample cylinder: Average results obtained from individual runs were treated as the result of one single measurement set. Five sets of measurements were taken over 5 days.
Sample Handling: Cylinders of sample and standards were placed in the analysis laboratory over 24 hours to be in equilibrium with the environment. A homemade auto injection device with a Valco 16-way valve was used to lead the gas flow through the GC sample loop. Mass flow controller was applied to control the loop flow rate at 60 mL/min.
Evaluation of Measurement Uncertainty:
For the standards, two types of uncertainty contributed to its concentration expanded uncertainty: -Gravimetric uncertainty -Analytical verification uncertainty Its combined uncertainty value was calculated as two times the square root of the sum of the squares for both uncertainty sources. 
Analysis Method
The standard and sample gases were injected into ten-port gas sampling valves of the 6890 Gas Chromatograph with flame ionization detector (FID). The average response was calculated by using the last three of six times for each measurement series. The GC column used was Molecular sieve 13X, 6 ft and mesh 80/100. Nitrogen gas was used as a carrier gas. The measurement conditions were the sample loop of 0.5 ml, oven temperature of 30 o C, detector temperature of 200 o C, hydrogen and air flow rate of 30 ml/min and 400 ml/min, respectively.
Calibration standard
The standard gas mixtures used are traceable to the National Institute of Metrology (Thailand) and are prepared and verified according to ISO 6142 and ISO 6143. The characteristics of the standard gas mixtures are listed in Table 1 . The procedure for the estimation of measurement uncertainty is following a 3-point calibration and according to ISO 6143 using B_least software for selecting the analytical function. In addition, the guidance document of JCGM 100:2008 "Evaluation of Measurement Data-Guide to The Expression of Uncertainty in Measurement" is also applied for the expression of measurement uncertainty.
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Sample Handling:
The sample cylinder was kept at room conditions as the temperature of 23±3 o C and the relative humidity of 50±15%RH, before performing all the measurements. The sample flow was controlled by mass flow controller set to 30 ml/min and the inlet pressure was set to 0.1 MPa.
APMP.QM-S7: 2000 µmol/mol CH 4 in N 2
Laboratory name: National Metrology Centre, Singapore Contact Persons: Dr Hou Li, Mr Teo Beng Keat Cylinder number: D081215
The gas mixture in cylinder D081215 (Travelling Standard) was analysed over 3 days against Calibration Standards A and B maintained at NMC using gas chromatography (Agilent model 7890A) with FID detector and a sampling system consisting of valves, pressure regulator and flow meter. Modified Teflon was used in the sampling line. The measurements were carried out under ambient temperature of (20 ± 2) °C.
Analysis Method
The number of injections from each cylinder was 5, and only the last 3 injections were used for the calculation of the mole fraction of the Travelling Standard. The Calibration Standards and Travelling Standard were injected directly into the gas chromatography through the sampling system. Calibration Standard B, which was used for measurements 3, was prepared at NMC using gravimetric method following ISO6142 Standard. The purity of pure gases was analysed using gas chromatograph with PDHID detector. The regulator used was SS Verifo single stage (with no gauges), which was purged several times.
Cylinders for Calibration Standard A & B were 5-litre passivated aluminum cylinder and 5-litre aluminum cylinder with Aculife-3 treatment supplied by Scott Specialty Gases, respectively. The mole fraction of Calibration Standards A and B had been compared and found to be comparable. 
Details of the measurement method used:
Reference Method:
Gas chromatography with a methaniser-flame ionisation detector (GC-FID).
Instruments:
The methane was analysed using a gas chromatograph equipped with a methaniser-flame ionisation detector (GC-FID). The methane was separated from nitrogen using a 10' x 1/8'' SS Molecular Sieve 5Å 60/80 packed column, which was operated isothermally at 150 °C with a carrier gas pressure of 450 kPa helium. A 250 µℓ sample loop was used to inject the sample and the standard at the head of the column. The FID-detector was operated at 300 °C and the methaniser temperature setting was 380 °C.
Calibration standards:
The primary standard gas mixtures (PSGMs) used for the calibration were prepared from premixtures in accordance with ISO 6142:2001 (Gas analysis -Preparation of calibration gas mixtures -Gravimetric method). After preparation, the composition was verified using the method described in ISO 6143:2001. BIP Nitrogen (6.0 quality), and Methane (3.5 quality) from Air Products, South Africa, were used to prepare the PSGMs. The nitrogen impurities were below detection limits of the method and impurities in the high purity methane were quantified. The major impurity in the methane was nitrogen that was quantified with a gas chromatograph with a pulsed helium discharge ionisation detector (GC-PDHID) using nitrogen in helium PSGMs.
Instrument calibration:
A set of ten (10) PSMs of CH 4 in nitrogen ranging from 1000 µmol/mol to 60000 µmol/mol were used to calibrate the Varian CP3800 GC-FID with a 250 µℓ stainless steel sample loop, and a 10' 
Sample handling:
After arrival, the cylinder was kept in the laboratory to stabilise in the laboratory environment and the cylinder was rolled for 30 minutes prior to analysis. Each cylinder (sample and standards) was equipped with a Tescom stainless steel pressure regulator that was adequately purged. The sample flow rate was set at approx. 150 mℓ/min and a back pressure of 100 mℓ/min was applied to the vent line.
Uncertainty:
All measured certification data and calculations for the component concentrations of D081134
have been reviewed for sources of systematic and random errors. The review identified three sources of uncertainty whose importance required quantification as estimated % relative uncertainties. These uncertainties are: a) Gravimetric uncertainties of the PSGMs in the order of 0,02%. b) Repeatability uncertainty (run-to-run) which ranged from 0,06 to 0,09% relative standard deviation.
c) Reproducibility uncertainty (day-to-day) which gives the % relative standard deviation represented in the measurement report.
Detailed uncertainty budget:
The results for each day yielded an average concentration and verification uncertainty. The average concentration and verification uncertainty were obtained by the method of XLGENLINE.
The predicted concentrations for the sample for the three days were averaged, and a standard deviation calculated for the three values. The uncertainties for the three different days and the verification uncertainty were combined as shown in Equation 1: Laboratory name:
National Physical Laboratory, New Delhi, India Cylinder number: D081220 
Analysis Method
Agilent GC model 6890N with TCD is used for analysis of the mixture. GSV valve is used with 1 ml sample loop to inject the gas from the gas cylinder to GC-TCD. The Analysis is carried out using packed GC column Mol. Sieve 13x length 10 ft, dia. (1/8") mesh 80/100.
GC conditions maintained for the analysis are; oven temperature 70 o C and TCD detector temperature 250 o C and Helium as carrier gas at the flow rate 30 ml/min. The GC-TCD is calibrated using 1996 µmole/mole standard gas mixture prepared at NPL India. Single point calibration method is used for the analysis of the inter-comparison cylinder APMP QM-S7 D081220.
Calibration standard
Please describe your calibration standards for the measurements. (preparation method, purity analysis, estimated uncertainty, and etc.)
Calibration Standard Preparation Method:
The preparation of CH4 in N2 gas is carried out according to ISO 6142 : Preparation of Calibration gas mixtures -Gravimetric method. The preconditioning of 10 liter aluminum cylinder is done by evacuation (filling of N2 gas + evacuation + heating & evacuation ) of cylinders.This process has been repeated three times for each cylinder preparation. The evacuation of cylinders is carried out using PFEIFFER HiCube 80 eco vacuum System. All standards are prepared by weight mixing of two gases CH4 and N2 gas. The rough weighing of components transferred has been done using a top pan balance. And the final weighing has been done using a equal arm balance Raymor HCE 25G max wt 25kg; sensitivity 1mg. All weighing has been carried out using a similar reference cylinder to cancel the bouancy effect. First of all two gas mixtures of concentration range in between 5-6% has been prepared. From these two higher concernration gas mixtures, three gravimetric standard gas mixtures of CH4 in N2 were prepared. The prepared gas mixtures concentrations are 1996, 1909 and 1806 mmole/mole. These standards were analysed using GC-TCD for their validation purpose.
Uncertainty Estimation of Calibration Standard
The Expanded Uncertainty estimation of all the prepared gas mixtures has been calculated according to ISO 6142: Preparation of Calibration gas mixtures -Gravimetric method taking account of following factors:
Out of all three concentrations 1996, 1909 and 1806 µmole/mole, the first one standard having concentration 1996 µmole/mole is used for the calibration of GC-TCD system during the analysis of APMP QM-S7 cylinder and value evaluation.
Instrument Calibration:
The GC-TCD is calibrated using 1996 µmole/mole standard gas mixture. Single point calibration method is used for the analysis of the inter-comparison cylinder.
Handling of Sample Cylinder:
The APMP QM-S7 gas cylinder is maintained inside a laboratory at a nominal temperature for 25±5 o C for all the period of its storage at NPL India. A dual stage regulator is fitted on the cylinder to inject the gas sample into the GC-TCD system for its analysis.
APMP.QM-S7 Supplementary Comparison
Measurement report 
Uncertainty:
The measurement uncertainty of sample was determined according to ISO Guide 6143, using the B_Least software. The assigned value was calculated by averaging the results of four independent measurements. Its combined standard uncertainty was determined by selecting the largest uncertainty value among the obtained uncertainties for each measurement. The combined uncertainty was multiplied by a coverage factor of 2 with a confidence interval of 95%.
Analysis Method:
The methane CH 4 in nitrogen was analyzed on an Agilent 6890N GC equipped with TCD/FID, split/splitless injector, gas injection valve, including Chemstation software (ver Rev After the arrival of the cylinder from KRISS, it was stored in the laboratory where the analyses were carried out. Five primary standard gas mixtures were also stored in the same laboratory during all the measurements. The cylinder and the calibration standards were equipped with pressure reducers and connected to computer programmed multiposition valve gas sampling box. They were flushed three times before the first measurement. The flow rates of sample and standard gases were controlled by a mass flow controller at 50 ml/min.
The data was collected using Chemstation software. Each sample in the sequence was injected for 11 times, and the first injection in each case was discarded as they were considered as flushing of sample loop. The responses were averaged. The software "B_Least" was utilized to determine the best fitting model for data for the calibrations. The value for goodness of fit in each measurement was found to be less than 2 for linear function. Therefore, first order analysis function was used in calibrations.
Calibration Standards:
All primary standard gas mixtures used in the measurements are binary mixtures of the CH 4 in N 2 .
They were purchased from NPL. The details are given in Table 1 . 
